Post starburst E+A galaxies are thought to have experienced a significant starburst that was quenched abruptly. Their disturbed, bulge-dominated morphologies suggest that they are merger remnants. We present ESI/Keck observations of SDSS J132401.63+454620.6, a post starburst galaxy at redshift z = 0.125, with a starburst that started 400 Myr ago, and other properties, like star formation rate (SFR) consistent with what is measured in ultra luminous infrared galaxies (ULRIGs). The galaxy shows both zero velocity narrow lines, and blueshifted broader Balmer and forbidden emission lines (FWHM=1350 ± 240 km s −1 ). The narrow component is consistent with LINER-like emission, and the broader component with Seyfert-like emission, both photoionized by an active galactic nucleus (AGN) whose properties we measure and model. The velocity dispersion of the broad component exceeds the escape velocity, and we estimate the mass outflow rate to be in the range 4-120 M /yr. This is the first reported case of AGN-driven outflows, traced by ionized gas, in post starburst E+A galaxies. We show, by ways of a simple model, that the observed AGN-driven winds can consistently evolve a ULIRG into the observed galaxy. Our findings reinforce the evolutionary scenario where the more massive ULIRGs are quenched by negative AGN feedback, evolve first to post starburst galaxies, and later become typical red and dead ellipticals.
INTRODUCTION
E+A galaxies, also called Hδ-strong, and K+A galaxies, show prominent Balmer absorption lines and a narrow stellar-age distribution, with a significant contribution from
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† dalyabaron@mail.tau.ac.il intermediate-age stars (typically A-type stars), indicating a recent starburst. Such systems show little or no contribution from younger stars (O and B type), with evidence for an abrupt termination of the star formation (SF) process Poggianti et al. 1999; Goto 2004; Dressler et al. 2004 ).The estimated star formation rates (SFRs) during the starburst range from 50 to 300 M /yr (Poggianti & Wu 2000; Kaviraj et al. 2007) , and the mass fractions forming in the burst are very high, 30-80% of the total stellar mass in the galaxy (Liu & Green 1996; Bressan, Poggianti & Franceschini 2001; Norton et al. 2001; Yang et al. 2004; Kaviraj et al. 2007 ).
Many E+A galaxies have bulge-dominated morphologies, with observed tidal features or close companions, suggestive of a late-stage merger (Canalizo et al. 2000; Yang et al. 2004; Goto 2004; Cales et al. 2011) . This evolutionary stage must be very short, due to the short life-time of A-type stars, making such systems rare and comprising only ∼3% of the general galaxy population (Goto et al. 2003; Goto 2007; Wild et al. 2009; Alatalo et al. 2016a) , with an overall spatial distribution which follows that of the general galaxy population in the local universe (Blake et al. 2004) . At intermediate redshifts (0.3 < z < 1) these galaxies appear to be four times more abundant in clusters, while in the local universe they have been mostly detected in the field (Zabludoff et al. 1996; Tran et al. 2004; Quintero et al. 2004) .
Various studies suggest that post starburst galaxies provide an evolutionary link between the gas-rich star forming population ('blue cloud') and gas poor quiescent galaxies ('red sequence'; e.g., Yang et al. 2004 Yang et al. , 2006 Kaviraj et al. 2007; Wild et al. 2009; Cales et al. 2011 Cales et al. , 2013 Yesuf et al. 2014; Cales & Brotherton 2015; Alatalo et al. 2016a,b; Wild et al. 2016) . In this scenario, a gas-rich major merger triggers a powerful starburst, which can be observed as an ultra luminous infrared galaxy (ULIRG), with SFRs ranging between 100 and 1000 M /yr. The system then evolves into a post starburst galaxy (e.g., Kaviraj et al. 2007; Cales & Brotherton 2015 ) which, in turn, evolves to a quiescent elliptical galaxy (Yang et al. 2004 (Yang et al. , 2006 Wild et al. 2009 Wild et al. , 2016 . Yesuf et al. (2014) , Rowlands et al. (2015) , and Alatalo et al. (2016b) studied the dust and molecular gas content in samples of E+A galaxies and generally found significantly more molecular gas and dust, compared to quiescent galaxies. This may indicate a transition between dusty ULIRGs and dustless red and dead galaxies. Note that in an E+A sample with Seyfert-type emission lines, Yesuf et al. (2017) find low gas mass fractions relative to normal star forming galaxies.
Numerical simulations show that gas rich major mergers are capable of triggering a significant starburst, and gas inflow onto the super massive black hole (SMBH) in the center of the galaxy. This can trigger an active galactic nucleus (AGN) that lasts as long as the gas supply from the galaxy is sufficient to maintain its activity (Mihos & Hernquist 1994; Bekki, Shioya & Couch 2001; Springel et al. 2005; Springel, Di Matteo & Hernquist 2005b; Hopkins et al. 2006) . Various processes can quench the massive, ongoing, SF in such systems (negative feedback). Common sources of negative feedback are supernova-(SN) and AGN-driven winds, which can heat the gas via shocks, and photoionize it (Heckman, Armus & Miley 1990; Di Matteo, Springel & Hernquist 2005; Springel et al. 2005; Ciotti, Ostriker & Proga 2010; Feruglio et al. 2010; Cicone et al. 2014) . Feedback can also affect the gas supply to the vicinity of the central SMBH.
There are several consequences to this evolutionary scenario. First, one would expect to observe post starburst galaxies with evidence of AGN activity, due to the time delay between the end of the starburst event and the termination of the accretion onto the BH. Indeed, Goto (2006) identified 840 galaxies with both a post starburst signature and an AGN. These account for 4.2% of all the galaxies in their volume-limited sample. Wild, Heckman & Charlot (2010) and Yesuf et al. (2014) studied the growth of BHs in post starburst galaxies and found a rise in activity roughly 200-250 Myr after the onset of the starburst. Furthermore, a sub-class of AGN, known as post starburst quasars (PSQ), show both strong Balmer absorption lines, broad emission lines from the broad-line region (BLR), and a characteristic continuum emission typical of thin accretion disks (ADs). The first of these objects was discovered by Brotherton et al. (1999) . Canalizo et al. (2000) then identified a companion galaxy at the same redshift and concluded that the post starburst and the quasar activity are due to a recent interaction between the two (see also Brotherton et al. 2002) . A sample of 29 PSQs images was studied by Cales et al. (2011) who found an equal number of spiral (13/29) and earlytype (13/29) host galaxies. In a following work, Cales et al. (2013) studied the optical spectra of 38 such objects, and found BHs with masses of MBH ∼ 10 8 M that accrete at a few percent of the Eddington luminosity. They also found that PSQs hosted by spiral galaxies have older starburst ages and evidence of ongoing star formation, compared to their early-type counterparts. They therefore conclude that only the PSQs with early-type hosts are likely to result from major mergers. Cales & Brotherton (2015) found that the more luminous PSQs (those hosted by ellipticals and earlytypes) display similar spectral properties to post starburst galaxies, but with older starburst ages. Kaviraj et al. (2007) performed the first comprehensive observational and theoretical study of the quenching process that terminates the starburst in E+A galaxies. They found a clear bimodal behaviour. For galaxies less massive than M = 10 10 M , SN-driven feedback is the main quenching mechanism, while galaxies above this mass are mainly quenched by an AGN. They suggested, based on calculated star formation histories (SFHs) , that the latter indeed were ULIRGs in their past. The less massive post starburst galaxies are expected to show signatures of SN-driven winds, and shocked gas signatures. More massive post starburst galaxies, in which the AGN is the main source of quenching, are expected to show signatures of photoionized gas and AGNdriven outflows. According to this scenario, an AGN which remains active after the termination of the burst is likely to show observational evidence for feedback, perhaps in a form of outflow. Such evidence is yet to be found in E+A galaxies.
There have been several attempts to look for shocks induced by SN-or AGN-driven winds in post starburst galaxies. Alatalo et al. (2016a) constructed a sample of ∼1 000 E+A galaxies with emission line ratios that are consistent with shocks, and compared their properties to star forming, and AGN-dominated galaxies. Unfortunately, general shock models predict emission line ratios that can cover a very large range of emission line ratios (e.g., see figure 3 in Alatalo et al. 2016a ). Thus, separating shock excitation from photoionization require a detailed study of the gas temperature and the general energetics of the shock.
There is very little, if any, clear observational evidence for AGN-driven outflow in local E+A galaxies. Tremonti, Moustakas & Diamond-Stanic (2007) report on the detection of neutral gas outflows (using the MgII absorption line) of 500-2000 km s −1 in 10 out of 14 post starburst galaxies at z=0.6 (see also Alatalo et al. 2016b ). Furthermore, Tripp et al. (2011) detect "warm-hot" plasma at a distance of > 68 kpc from what is probably a post starburst galaxy, using ultraviolet absorption spectroscopy. To the best of our knowledge, no other cases of neutral or ionized outflow were reported so far in E+A galaxies. On the other hand, there is plenty of evidence for massive outflows in ULIRGs (e.g., Rupke, Veilleux & Sanders 2002; Martin 2005 Martin , 2006 ) but these are not connected directly with the post starburst phase of such systems. Obviously, there are thousands of AGNs that show some indication of outflow, such as the large SDSS type-II sample studied by Mullaney et al. (2013) and the more detailed study of 16 of those by Harrison et al. (2014) . However, there is no direct link between these outflows and the specific evolutionary phase of E+A galaxies. SDSS J132401.63+454620.6 was found as an outlier galaxy by the anomaly detection algorithm of Baron & Poznanski (2017) . This galaxy is one of the 400 spectroscopically weirdest galaxies in the 12th data release (DR12) of the Sloan Digital Sky Survey (SDSS). These include various extreme and rare phenomena such as galaxy-galaxy gravitational lenses, galaxies that host supernovae, double-peaked emission line galaxies, and more.
In this paper we present our observations and analysis which show that SDSS J132401.63+454620.6 exhibits the first direct evidence of AGN-driven outflow in an E+A galaxy, traced by ionized gas emission. We estimate the mass outflow rate in the galaxy and show its possible connection with an earlier ULIRG phase and later evolution to quenched, early type galaxy. The paper is organized as follows. We describe the available SDSS observations and our high-resolution follow-up spectroscopy of SDSS J132401.63+454620.6 in section 2. We measure various stellar and gas properties of the galaxy in section 3, we then model the emission line gas in section 4. We characterise the outflow and discuss our results in the context of AGN feedback in the general galaxy population in section 5 and conclude in section 6.
OBSERVATIONS AND REDUCTIONS
2.1 SDSS imaging and spectroscopy SDSS J132401.63+454620.6 was observed as part of the general SDSS survey (York et al. 2000) . The spectrum was obtained using a 3" fiber with the SDSS spectrograph which covers a wavelength range of 3800Å-9200Å, with a resolving power going from 1500 at 3800Å to 2500 at 9000Å. The publicly available spectrum of the galaxy is combined from three 15m sub-exposures, and with signal to noise ratios (S/N) ranging from 4 to 25. We did not find spectral differences between the 3 sub-exposures. The image of the galaxy was taken in the SDSS broad band filters with a typical seeing of 1"-1.2".
Keck/ESI spectroscopy
We observed the galaxy using the Echelle Spectrograph and Imager (ESI; Sheinis et al. 2002) on the Keck II 10-m telescope on the night of 2016 June 2. Conditions were clear with seeing of 0.6". The observations were carried out in echellette mode, which provides a wavelength coverage of 3900Å to 10900Å with a dispersion between 0.15Å/pix at 4200Å and 0.39Å/pix at 9800Å. The slit is 20" in length and 0.75" in width, providing a resolution of 44 km s −1 . The pixel scale is 0.2"/pix. The Clear S filter was used for the observations. Two exposures of 600 s each provided a combined spectrum with a median SNR of 12 per resolution element, ranging from 10 to 43. The spectra were reduced using the IDL-based ESIRedux 1 pipeline (Prochaska et al. 2003; Bernstein, Burles & Prochaska 2015) . Figure 1 shows the combined ESI spectrum of J132401.63+454620.6. The spectrum is dominated by strong stellar features, typical of A-type stars, and a large number of strong emission lines typical of low and high ionization species. The strongest lines are: [OIII] , Hα, and [NII] . The ESI spectrum is similar to the SDSS spectrum (i.e., we detect no variability during the 12 yr span between the two observations).
PHYSICAL PROPERTIES
In this section we present the physical properties of SDSS J132401.63+454620.6. We characterise the stellar properties in section 3.2 and the emission line properties in section 3.3.
Spatial Distribution
The SDSS color-composite image (figure 2) shows a bulgedominated morphology and an additional feature that might be a tidal arm, suggestive of a late-stage merger. We fit a Sersic profile to the galaxy images in the g and r bands and find good fits with Sersic indices of 5.1 and 4.3 respectively. These values are consistent with the NYU value added catalog that provides best fitting profiles to the SDSS galaxies (Blanton et al. 2005) , which give Sersic indices of 5.2 and 4.2 for g and r respectively. These indices are different from what is typically found in elliptical and spiral galaxies. We measure the half-light radius of the galaxy in the g and r bands to be 1.2", corresponding to 2.7 kpc, similar to the seeing during the observation.
We examined the ESI 2D spectrum to investigate the 3500 4000 4500 5000 5500 6000 6500 7000 ESI spectrum stellar model Figure 1 . The ESI spectrum of SDSS J132401.63+454620.6 (black), and the best population synthesis model (magenta) which we obtain using pPXF. Bad pixels are marked as grey bands. spatial distribution of line and continuum features in the cross dispersion direction. We focus on the region containing the [OIII] line since it is strong and isolated from sky emission lines. We extract columns of pixels in the crossdispersion direction and compared their width (σ), fitted by a Gaussian, to the seeing. We find a continuous decrease in the width as we move from continuum-dominated regions to emission line-dominated regions, with widths that change from 0.9" (2 kpc) in continuum dominated regions to 0.6" (1.4 kpc) in the line-dominated region. The latter is similar to the typical seeing during the observation, thus we conclude that the emission lines are not spatially resolved in our spectrum.
Stellar Properties
We start by fitting stellar population synthesis models to the spectrum of J132401.63+454620.6. We used the Penalized Pixel-Fitting stellar kinematics extraction code (pPXF; Cappellari 2012), which is a public code for extracting the stellar kinematics and stellar population from absorptionline spectra of galaxies (Cappellari & Emsellem 2004) . The code uses the MILES library, which contains single stellar population (SSP) synthesis models and covers the full range of the optical spectrum with a resolution of full width at half-maximum (FWHM) of 2.3Å (Vazdekis et al. 2010) . We show the best fitting stellar model in figure 1 . The model has a mass-weighted average age of 0.25 Gyr with a standard deviation of 0.11 Gyr. The code also fits the dust reddening of the starlight, assuming a Calzetti et al. (2000) extinction law, giving a colour excess of E(B − V ) = 0.3 mag. This is consistent with star forming galaxies (where E(B − V ) is in the range 0.3-0.6 mag) but is high compared to quiescent galaxies (Kauffmann et al. 2003b ). The spectrum is dominated by A-type stars, and we find no significant contribution from O and B-type stars, since the youngest age contributing to the model is ∼80 Myr. This suggests little or no ongoing star formation in the galaxy. The narrow stellar age distribution and the lack of ongoing star formation indicate that this is a post starburst galaxy. The equivalent width of Hδ absorption is 7.9Å, in the typical range for E+A galaxies (see e.g., Goto 2007; Alatalo et al. 2016a ). The stellar velocity dispersion that we measure is 130 km s −1 , consistent with the measurement obtained from the SDSS spectrum (Bolton et al. 2012; Thomas et al. 2013) .
The SDSS provides a stellar mass measurement based on the broad-band photometry (Maraston et al. 2013 ) of the galaxy, but it may be biased by contributions from the strong emission lines. We therefore use the best stellar population synthesis model to measure the stellar mass, and find stellar mass of log M/M = 10.5, consistent with the SDSS measurement. In the JHU-MPA catalog (Kauffmann et al. 2003b; Brinchmann et al. 2004; Tremonti et al. 2004 ), SDSS J132401.63+454620.6 has a median SFR of 25 M /yr (16th percentile of 11 M /yr and 84th percentile of 50 M /yr), and its D4000 index is 1.19±0.01. The SFR is slightly above the main sequence of star forming galaxies (Kauffmann et al. 2003b) . We note that the SFR given by the JHU-MPA catalog is measured using the D4000 index. Therefore, the SFR is an average value over a period of roughly 100 Myrs. Since we do not find evidence of ongoing SF in the galaxy (no contribution of O-and B-type stars), this suggests vigurous SF in the past 100 Myrs (see section 5.1.2).
Emission Line Properties

Line profiles
We subtract the best-fitting population synthesis model and obtain the pure emission-line spectrum of the gas in the galaxy. Various parts of this spectrum are shown in figure  3 , where we show [OIII] Our de-blending procedure starts with the [OIII] line which has the highest S/N and is isolated from other emission lines. We fit three Gaussians to account for the emission -a narrow Gaussian, and two broad Gaussians, one redshifted and one blueshifted with respect to the narrow component. We tie the central wavelengths and widths of the Gaussians for [OIII] λλ4959,5007Å and force the intensity ratio to the theoretical value of 3:1. We plot the best fit in the top panel of figure 3 , the narrow component is in green, the broad redshifted component is red, and the broad blueshifted component is blue. The full fit is yellow.
We use the central wavelengths and widths obtained from the [OIII] [SII] . We find that all the narrow components have the same redshift and width. For the broad components, we force the redshifts and the widths to be consistent with the best fitting parameters obtained for [OIII] , while letting the amplitudes of the Gaussians vary. We also tie the intensities of the two [NII] lines to match their theoretical ratio. We show the best fitting models in the other panels of figure 3, using the same colour scheme as for [OIII] .
The best fitting models show no broad redshifted emission in [OII] We also examined models with only two Gaussians to account for the narrow and broad emission in all the lines. In this case, we do not tie the central wavelengths of the broad Gaussians to reside at the same redshift, and a good fit can be achieved only if the broad [OIII] In the following sections we measure different parameters of the gas and note the difference, if it exists, between the results obtained with the two and three Gaussian models.
We also examine the possibility that some of the redshifted emission that we see in [OIII] is due to FeII emission around 5018Å, as observed in many type-I AGN (e.g., Netzer & Trakhtenbrot 2007) . We use a theoretical FeII template described in Netzer & Trakhtenbrot (2007) which is based on the Boroson & Green (1992) template and convolve it to fit the spectral resolution of the ESI spectrum. We restrict ourselves to FeII emission in the wavelength range 4900 -5400Å, and rescale the relative amplitude of the template to match the features in our spectrum. We find that FeII cannot account for any of the redshifted [OIII] emission while still being consistent with other strong FeII lines (such as FeII 5160Å), which are very weak in our spectrum. Table 1 gives line fluxes, reddening corrected line luminosities, and derived fit parameters for all measured emis- We use three Gaussians to account for the narrow and broad components, and plot these in green (narrow lines), red (redshifted broad lines), and blue (blueshifted broad lines). The full fit is plotted in yellow. We refer the reader to section 3.3.1 where we discuss the uncertainties in this fit. 18.1 ± 6.3 2.9 ± 1.0 × 10 41 Hα 5.6 ± 2.9 0.62 ± 0.32 × 10 41 sion lines. The uncertainties of the widths and central wavelengths are obtained from the χ 2 minimisation process, and are tied to each other as discussed above. We propagate these uncertainties and the uncertainties on the dust reddening (see next section) to calculate the uncertainties in line intensity and dust corrected luminosity.
Emission line gas properties
Using the best fitting model, we derived the kinematic properties of the emitting gas. All the properties are given in table 1 with their uncertainties. The FWHM velocity that we measure for the narrow component is 320 km s −1 , and the blueshifted and redshifted broad components have widths of 1300 km s −1 and 1200 km s −1 respectively. The peak of the blueshifted broad emission is shifted by 130 km s −1 with respect to the narrow component, and the redshifted is shifted by 300 km s −1 . The narrow gas component is blueshifted by 50 km s −1 from the systemic redshift of the galaxy which we tie to the stellar Balmer absorption lines.
One can compare the velocity dispersion that we measure in the broad lines to the escape velocity from the galaxy. To achieve that, we use the SDSS imaging of the galaxy and fit a Sersic profile to the light profile in r-band. We find a good fit with a Sersic index of 4.3. We assume a constant mass-to-light ratio as a function of distance from the center of the galaxy, which is justified by the dominance of A-type stars in the SDSS and ESI spectra. We examine two extreme cases, one assumes that the total mass is the stellar mass (no gas), and the second assumes gas mass that equals the stellar mass, resulting in a total mass of twice stellar mass. Rowlands et al. (2015) study the ISM in 11 post starburst galaxies and measure gas to stellar mass ratios which are consistent with normal galaxies. Thus, the real total mass must lie within this range. We then measure the line-of-sight FWHM of the escape velocity for these cases (see Agnello, Evans & Romanowsky 2014) . The maximal line-of-sight FWHM of the escape velocity that we derive are 640 km s −1 and 970 km s −1 for the stellar mass and twice the stellar mass respectively. The redshifted and blueshifted broad components show a FWHM of 1300 km s −1 and 1200 km s −1 respectively, which exceed both values for the total mass.
Next we examine the physical properties in the regions emitting the various line components, treating them as independent of each other. In figure 4 we show the narrow (blue) and the broad blueshifted (green) emission components on several, standard, line-diagnostic diagrams (Baldwin, Phillips & Terlevich 1981; Veilleux & Osterbrock 1987 ). The left panel shows the emission line ratios log [OIII]/Hβ versus log [NII]/Hα. We consider two separating criteria. The first is from Kewley et al. (2001) who used a combination of population synthesis models and photoionization models to produce a theoretical upper limit that separates starbursts and AGN-dominated galaxies (Ke01; black line). Kauffmann et al. (2003a) modified this limit by including composite galaxies which contain significant contribution from both star formation and AGN (Ka03; grey line). We use the LINER-Seyfert separating line from Cid Fernandes et al. (2010, CF10) . The diagram shows that both the narrow and the broad components are AGN-dominated. The middle panel and the right panel show the emission line ratios log [OIII]/Hβ versus log [SII]/Hα and log [OI]/Hα respectively. We also mark the Kewley et al. (2006) separating line between LINER and Seyfert galaxies (Ke06; pink line). In all diagrams, the narrow emission lines are consistent with LINER-like emission, and the broad components are consistent with Seyfert-like emission. We further note that when using two Gaussians instead of three Gaussians in the line fitting, we get a broad component with higher Next we attempt to derive the temperature and density of the emission line gas, and the reddening towards the two (broad and narrow) emitting regions. The measured Hα/Hβ ratio for the LINER component is 6.2, and for the Seyfert component is 23.4. Assuming an intrinsic line ratio of 2.85 and the Cardelli, Clayton & Mathis (1989) extinction curve, we find reddening of E(B − V ) = 0.68 mag and E(B − V ) = 1.82 mag for the LINER and Seyfert components, respectively (we find differences of at most 10% when using SMC or LMC extinction curves e.g., Baron et al. 2016). These values are higher compared to the reddening found in our stellar synthesis model for the host galaxy, E(B − V ) = 0.3 mag. The latter was obtained with the Calzetti et al. (2000) reddening law which is more appropriate for the stellar population.
We use the narrow and broad [SII] λ6716Å/[SII] λ6731Å line ratios to calculate the electron density in these gas components (Osterbrock & Ferland 2006) , and find 200 ± 50 cm −3 for the LINER component and 100 ± 40 cm −3 for the Seyfert component.
Measuring the electron temperature of the emission line gas is more problematic, since we do not detect [OIII] λ4363Å and [NII] λ5755Å, and hence can only place an upper limit on the electron temperature (Osterbrock & Ferland 2006 λ6584Å. An upper limit of 18 000 K is consistent with shocked gas with velocities of 200-600 km s −1 (Allen et al. 2008 ). We perform a detailed comparison with shock models in section 4.
MODELLING THE EMISSION LINE GAS
We show in section 3.3.2 and in figure 4 that the emission line spectrum of SDSS J132401.63+454620.6 exhibits two separate components, one which is consistent with the spectrum of LINERs and the other with the spectrum of Seyfert 2 galaxies. The main difference between the two is in the ratio of L([OIII])/L(Hβ), which is a factor of about 3 larger in the broad, blueshifted (∼ 10) component compared with the narrow component (∼ 3). The differences in the three other ratios, [NII]/Hα, [OI]/Hα, and [SII]/Hα, are smaller, but all three are clearly stronger in the narrow cores of the lines. While it is not unusual for an active galaxy to show contribution from both HII regions and AGN (e.g., Kewley et al. 2006) , galaxies with both LINER and Seyfert components were not perviously reported, to the best of our knowledge.
If all the broad and narrow emission line components are due to ionization by an AGN radiation field, one must come up with a specific geometry that will produce both LINER and Seyfert emission. An alternative scenario involves contribution from both AGN and shocked gas, or contributions from shocked gas at different velocities (Dopita et al. 1997; Nagar, Falcke & Wilson 2005 ). An additional process that can produce LINER-like emission is photoionization by evolved post asymptotic giant branch stars (post AGB stars) during a short but very hot and energetic phase (Stasińska et al. 2008; Annibali et al. 2010; Cid Fernandes et al. 2011; Yan & Blanton 2012; Singh et al. 2013) .
In this section we examine the ionization source of the emission lines. We investigate shock-induced emission lines (section 4.1), photoionization by post AGB stars (section 4.2), and photoionization by an AGN (section 4.3). For simplicity, in the following discussion we refer to the broad, blueshifted components of all emission lines as the "Seyfert type emission", because of its location on the line-diagnostic diagrams. However, this is rather different from most Seyfert 2 galaxies because the lines are very broad and shifted with respect to the systemic velocity and hence may not represent the conditions in a "typical" Seyfert-like narrow line region (NLR). We explain this issue in detail in section 4.3.
Shock excitation
Winds from supernovae or AGN-driven outflows can produce shocked gas by injection of mechanical energy into the ISM. The emission-line spectrum of shocked gas is different from gas that is photoionized by massive stars, but share similarities with the spectrum of gas that is photoionized by an AGN. Both of these manifest themselves as emission line ratios that are consistent with LINER-or Seyfert-like spectra. Indeed, various studies use emission-line ratios as shocked gas signatures (e.g., Alatalo et al. 2016a,b; . Such line ratios can cover a very large region in the line diagnostic diagrams considered in section 4 (see e.g., Alatalo et al. 2016a ) to the extent that line ratios by themselves cannot be used to uniquely identify the shock signature (see however ).
Here we use general energetics considerations based on the fact that the relative efficiency of collisional ionization in shocks and photoionization by the AGN radiation field is proportional to v 2 /c 2 (see e.g., Laor 1998). In the specific case considered here, the two processes involve mass flow rates that differ by about three orders of magnitude. That is, the AGN accretion rate that is necessary to produce the observed emission lines is three orders of magnitudes lower than the mass outflow rate of a wind which is required to produce the same emission-line luminosities via shocks.
To illustrate the limitations of shock excited models, we investigated a specific example that applies to our object. We use a grid of fast shock models from MAPPINGS III (Dopita & Sutherland 1995 Dopita et al. 2005; Allen et al. 2008) . Allen et al. (2008) provide a library of fully radiative shock models with shock velocities in the range vs = 100 − 1000 km s −1 , magnetic parameters of B/n 1/2 = 10 −4 − 10 µG cm 3/2 , and a set of five different atomic abundances, for a pre-shock density of 0.1 cm −3 . For solar abundance, they provide shock models with pre-shock densities of 0.01 − 1000 cm −3 . For each model, they provide all details about the radiative shock and its photoionized precursor, including their temperatures and luminosities. The library consists of emission line ratios compared to Hβ. We use all the models that are available in the library: shock alone, precursor alone, and a combination of shock and precursor, for the entire range of parameters: density, temperature, magnetic parameter, and abundance.
We first compared four measured emission line ratios [OIII]/Hβ, [NII]/Hα, [SII]/Hα, and [OI]/Hα to the emission line ratios predicted by the shock models, keeping models which agree with the observations in all four line ratios, within 0.15 dex. These emission line ratios are not sensitive to the dust reddening, and the comparison does not depend on the assumed Hα/Hβ line ratio. We find multiple shock models with emission line ratios that are consistent with the measured ratios. We note that in the two Gaussian case, where the Seyfert component has an extremely high [OIII]/Hβ ratio, no model reaches the measured ratio to within 0.5 dex.
For the LINER component, we find that shock models with velocities ranging between 300 -450 km s −1 , a density of 1 cm −3 , magnetic parameters of 0.5-6.32 µG cm 3/2 , and solar and twice solar abundances, predict line ratios that are consistent with the observations. For the Seyfert component, the shock models with velocities of 425 -525 km s −1 , densities of 0.01-1 cm −3 , magnetic parameters of 0.5-10 µG cm 3/2 , and solar and twice solar compositions match the observed line ratios very well. The electron temperatures of these models, 10 000-14 000 K, are consistent with the upper limit, 18 000 K, that we derive in section 3.3.2 for the narrow line component. Taking into account the measured reddening, the same shock models also produce the required relative intensities of [NI] The MAPPINGS III library also provides the predicted Hβ luminosity per unit area for the different shock models. We use the 10 models that are most consistent with the measured LINER and Seyfert line ratios and extract the predicted Hβ luminosity per unit area. The predicted luminosity ranges between log L(Hβ) = −4 [erg cm
The emitting area that is required to produce the observed Hβ luminosity ranges from 30 to 1000 kpc 2 . As noted earlier, the emission lines are not resolved in the 2D spectrum of the galaxy, leading to a maximum angular size of 0.6", which is 1.4 kpc, or a maximum emitting area of about 2 kpc 2 . This size is several orders of magnitude smaller than the size predicted by the shock models.
We can further examine the mechanical energy produced by a shock that can produce the measured line luminosity. The mechanical energy produced by the shock is 1/2 m sh v 2 sh , where m sh is the mass of the flowing material and v sh is the shock velocity. We can assign an efficiency factor to this process, η sh = 1/2 (v/c) 2 . In our case, the highest possible η sh , corresponding to the highest shock velocity that produces emission line ratios that are consistent with observations, is 1.5 × 10 −6 . The energy that is associated with photoionisation by AGN due to mass accretion onto the BH is ηaccmaccc 2 , where ηacc is the mass-to-energy conversion efficiency of the accretion process, and we take it to be 0.1. Therefore, the energy ratio produced by these two processes is (ηaccmacc)/(η sh m sh ). We measure in section 4.3.1 the mass accretion rate onto the BH,ṁacc ≈ 0.17 M /yr. Given the assumed efficiencies of the two processes, a mass flow rate of over 10 000 M /yr is necessary to produce the measured line luminosities via shocks. This number is several orders of magnitude larger than any mass outflow rate observed in similar systems and about a factor of 100 larger than what is deduced below (section 5.1.1) for SDSS J132401.63+454620.6. We therefore conclude that shock models cannot produce the emission lines observed in this source. Singh et al. (2013) use integral field spectroscopic data from the CALIFA survey and study the observed radial surface brightness profiles of galaxies that show LINER-like emission, which they compare to what is expected from illumination by an AGN. They find that the radial emission-line surface brightness profiles are inconsistent with ionization by a central point-source and hence cannot be due to an AGN alone. They propose post-AGB stars as the ionizing source in many objects classified as LINERs. In a related work, Cid Fernandes et al. (2011) study such cases and provide an estimated upper limit to EW(Hα) of about 3Å for post-AGB systems. This is considerably smaller than the EW obtained for SDSS J132401.63+454620.6 (about 8Å). Moreover, post-AGB stars are ubiquitous in galaxies with stellar populations older than ∼ 1 Gyr. In SDSS J132401.63+454620.6 the spectrum is dominated by A-stars and its stellar age spans the range 0.02-0.1 Gyr with no detected contribution from older stars. Thus it is unlikely that the LINER-like emission is due to post-AGB stars.
post-AGB ionization
AGN ionization
We show in sections 4.1 and 4.2 that the narrow (LINER) and broad (Seyfert) emission lines in SDSS J132401.63+454620.6 are inconsistent with ionization and excitation by shocks or post AGB stars. We therefore suggest that the lines arise due to the radiation field of a central active BH. Below we present the basic AGN properties derived from the observations and suggest a model that explains the emission line properties.
AGN properties
The dust-corrected [OIII] λ5007Å and [OI] λ6300Å luminosities for the LINER and the Seyfert components are given in table 1. The bolometric luminosity of the AGN is measured as follows (Netzer 2009 ):
We find L bol = 10 45 erg s −1 for the narrow emission line component. The luminosity deduced from the broad component, using the same relationship, is an order of magnitude higher than the luminosity that is based on the narrow component. However, the Netzer (2009) estimates of the bolometric luminosity of LINERs and Seyfert 2 galaxies, are based on observations of many thousands of sources, on previous estimates of the luminosity (e.g. Heckman et al. 2004) , and on detailed photoionization calculations. The underlying assumption is that the lines are emitted from an NLR whose conditions, most importantly density, dust content, and covering factor of the central source, are similar in all sources, albeit with a large scatter. The narrow core LINERs lines in J132401.63+454620.6 are consistent with these assumptions but this is not the case for the broad line components. These components have velocities that significantly exceed those observed in Seyfert 2 galaxies. The great similarity in emission line ratios between the broad components, and narrower emission lines in many Seyfert galaxies, is not surprising since any gas excited by an AGN-type ionizing SED, with ionization parameter similar to the one in Seyfert galaxies NLR (about 10 −2 ) will produce such line ratios. In addition, the line luminosity depends linearly on the covering factor of the gas which can be an order of magnitude larger than the covering factor of the NLR in typical Seyfer galaxies, which is estimated to of order 5-10% (e.g. Netzer 2013) . Given this we suggest that the broad, Seyfert-like components originate from fast moving gas which covers most of the central ionizing source. The calculations detailed below strengthen this suggestion. Our best estimate of the bolometric luminosity of the central source is hence derived from the LINER-like lines and is roughly L bol = 10 45 erg s −1 .
The Sérsic index of the galaxy is 4.3 in the r-band and 5.1 in g-band, therefore the galaxy is bulge-dominated, and we can estimate the BH mass using the stellar velocity dispersion. We use the M-σ relation from Kormendy & Ho (2013) and find a BH mass of log M/M = 7.67 ± 0.3, where we assume a nominal uncertainty of a factor 2 since we measure the velocity dispersion of the entire galaxy. For solar metallicity, L Edd = 1.5 × 10 38 (MBH/M ) erg s −1 thus, from the LINER component, L/L Edd = 0.14. This Eddington ratio is consistent with Type II Seyferts and type-I QSOs but not with type II LINERs (Netzer 2009 ). The accretion rate, assuming mass-to-radiation conversion efficiency ηacc = 0.1, isṁacc = 0.17 M /yr. Pović et al. (2016, hereafter PO16 ) studied a sample of the 42 most luminous, highest SFR, LINERs in the local universe. They measure bolometric luminosities in the range logL bol = 43.95 to logL bol = 45.48. SDSS J132401.63+454620.6 shows bolometric luminosity within this range. To compare the star formation luminosity (LSF) to that of PO16, we follow their conversion of SFR to LSF: LSF = SFR × 10 10 L , which is based on the Kroupa initial mass function. For our measured SFR of 25 M /yr, we find LSF = 9.6 × 10 44 erg s −1 , which is higher than most of the values derived by PO16 for their sample, except for the most luminous LINERs. PO16 also bin their objects by AGN luminosity and measure the median LSF in each bin. For the bin that corresponds to the bolometric luminosity that we measure, their median LSF is about a factor 3 lower than what we measure. Cales et al. (2013, hereafter CA13 ) studied the optical spectra of 38 type-I (broad emission lines) PSQs, 29 of which have morphological classification from the Hubble Space Telescope. They measure BH mass, accretion rate, and AGN luminosity for their sources. In a follow up work, Cales & Brotherton (2015) compare their objects to post starburst galaxies and to QSOs, and find that PSQs with more luminous AGNs and more luminous post starburst stellar populations (compared to the observed old stellar population) are hosted by elliptical and early-type galaxies, some of which are clearly merger products. By comparing the spectra of PSQs to that of post starburst galaxies and QSOs, they argue that PSQs may be transitioning objects between typical post starburst galaxies and typical quasars. They further suggest that PSQs may be the descendants of ULIRGs.
It is useful to compare SDSS J132401.63+454620.6 to the sources studied by CA13. The BH mass that we measure corresponds to the lowest values found by CA13, and the Eddington ratio corresponds to the highest values they find, both fit well within their BH mass-Eddington ratio correlation (see their figure 3 ). The morphology is consistent with an early type galaxy, and the starburst age we derive is lower than found by CA13, which may indicate that we observe a galaxy at an earlier transition stage than the galaxies in CA13. We measure bolometric luminosities using the BH mass and the Eddington ratio given in CA13 (see table 6 there). The distribution is log-normal with mean logL bol ∼ 44.8, the minimal and maximal values are logL bol ∼ 44.2 and logL bol ∼ 45.4 respectively. With its measured bolometric luminosity, and other properties, SDSS J132401.63+454620.6 would be classified as a PSQ by CA13, except that it is a type-II AGN while all objects in their sample are type-I AGN.
Modelling the photoionized gas in SDSS
J132401.63+454620.6
Given the observed and reddening corrected line intensities, and the various line ratios, we can make simple estimates of the properties of the emission line gas. The simplified model presented here is meant to test the main observed properties and is, by no means a complete photoionization model. In particular, we use a "single cloud" approach, where we calculate the properties of one cloud, with a given density, column density, and location with respect to the central ionizing source, as representing an entire emission line region. In many cases of interest, this is a poor replacement for a more complex model, that accounts for the geometrical distribution of clouds, a range in density, column density and location (see Netzer 2013 for a more complete description of multi-component photoionization models). The cloud is assumed to be dusty, with solar metallicity, and with an ISM-type depletion. The code used for the calculations is ION, most recently described in Mor & Netzer (2012) . The properties of the central source of radiation follow standard assumptions about AGN SEDs. It is made of a combination of an optical-UV continuum emitted by a geometrically thin accretion disk and an additional X-ray power-law source extending to 50 keV with a photon index Γ = 1.9. The normalisation of the UV (2500Å) to Xray (2 keV) flux is defined by αOX , which we chose to be 1.1. The total luminosity, based on the observations, and probably correct to within a factor ∼ 2 (equation 1), is assumed to be 10 45 erg s −1 . For this continuum, the fraction of the ionizing luminosity, beyond the hydrogen Lyman continuum, is 70%, and the number of ionizing photons is Q(Lyman)=10 54.7 sec −1 . For the LINER component we chose nH = 1000 cm −3 gas at a distance of 10 21.8 cm from the center. The covering fraction of this component, estimated from the reddening corrected luminosities of the Balmer lines, is 0.04. For the outflowing component we chose nH = 1000 cm −3 , a distance of 10 21.3 cm, and a covering fraction of 0.5. While the overall covering factor of the outflow is probably larger, given the red and blue wings of the [OIII] line, the model is based on the luminosities of the blue wings only and hence the chosen covering factor. The column density in both cases is large enough (> 10 21.5 cm −2 ) to result in complete absorption of the ionizing radiation.
With these assumptions, the ionization parameter U = Q(Lyman)/4πr 2 nHc, where nH is the hydrogen number density and c the speed of light, can be found for both components. For the LINER gas we find U = 3.8 × 10 −4 and for the outflowing gas U = 3.8×10 −3 . This choice of parameters reproduces, to within a factor ∼ 2, most of the observed properties, including the reddening corrected luminosities of the strongest lines in both components. Being a dusty gas, some of the line attenuation is the result of absorption and scattering inside the ionized gas and some require additional foreground dust either outside the line emission region or in neutral atomic gas at the back of the ionized cloud.
All the above properties are quite standard for photoionized AGN gas, except for the covering fraction of the outflowing gas, which is a factor of ∼ 5 larger than the covering factor of the NLR in Seyfert galaxies. For the purpose of computing the gas and dust mass (see sections 5.1.1 and 5.1.2 below) we note that for a covering factor of unity and the chosen column density of 10 21.5 cm −2 , the mass of the outflowing gas is about 1.8 × 10 8 M . Obviously, for a given column density and covering factor, the total mass scales with r 2 and a much smaller mass, with the same ionization parameter, can be achieved by scaling the gas density.
DISCUSSION
Our analysis of the observed and derived properties of SDSS J132401.63+454620.6 suggests several unique features of this source, which we briefly summarize here:
(i) The galaxy has a narrow stellar age distribution (mass-weighted average age is 0.25 Gyr with a standard deviation of 0.11 Gyr) and no contribution from O and Btype stars. Thus, the galaxy is a typical E+A post starburst galaxy.
(ii) The stellar population is resolved in the 2D ESI spectrum, and its half-light radius is 2 kpc. The star-light is reddened with a mean E(B − V ) = 0.3 mag.
(iii) The emission lines show two distinct velocity components, one is consistent with LINER-type emission (FWHM = 320 km s −1 ) and the other with Seyfert-type emission (FWHM = 1300 km s −1 ). The reddening towards the two components are different, corresponding to E(B − V ) = 0.68 mag and E(B − V ) = 1.82 mag, respectively. Neither component is resolved in the 2D spectrum, with an upper limit of 1.4 kpc.
(iv) We modelled the emission line gas by considering shock excitation, post-AGB ionization, and AGN ionization. We find that the former two are inconsistent with the observations, and conclude that both of the gas components are ionized by an AGN. Our photoionization modelling of the gas suggest a typical LINER component with a covering fraction of about 0.04, and a Seyfert-like outflowing component with a covering factor of ∼ 0.5.
The above results suggest that SDSS J132401.63+454620.6 is at a critical, short-lived, phase. The lack of ongoing star formation and the observed fast outflows suggest that AGN-driven winds quenched the recent starburst, and we are witnessing the final stages of the process, before the AGN expells the remaining gas in the galaxy and exhausts its gas. The following is an attempt to construct a model that explains our measurements and connects our results with the general properties of E+A galaxies.
AGN feedback and SF quenching
5.1.1 Mass outflow rate E+A galaxies are thought to be systems where a significant star formation episode has been quenched abruptly (Goto 2004; Yang et al. 2004 Yang et al. , 2006 Kaviraj et al. 2007; Cales et al. 2013; Cales & Brotherton 2015) . Some studies suggest an evolutionary path in which gas-rich major mergers result in ULIRGs, which then evolve to become post starburst galaxies (e.g., Kaviraj et al. 2007 , Cales & Brotherton 2015 , Wild et al. 2016 . The fate of such systems is to continue evolving into normal elliptical galaxies (Wild et al. 2009; Yang et al. 2006; Wild et al. 2016) . The quenching of star formation in these systems was studied in detail by Kaviraj et al. (2007) . Their observations showed bimodal behaviour, and they argued that post starburst galaxies less massive than 10 10 M are quenched by feedback from supernovae, while more massive galaxies are quenched by AGN feedback. Kaviraj et al. (2007) noted the similarity between this threshold mass and the minimum mass above which AGN are significantly more abundant in nearby galaxies. However, so far there is no direct evidence for AGN feedback in E+A galaxies with masses exceeding 10 10 M . SDSS J132401.63+454620.6 seems to be peculiar among E+A galaxies in showing velocity dispersion in the Seyfert component which exceeds the escape velocity of the galaxy (section 3.3.2). We interpret the broad emission lines as outflow of the ionized gas which is different from the outflows of cold ISM gas that were previously observed in post starburst galaxies (e.g., Tremonti, Moustakas & Diamond-Stanic 2007) . The stellar mass of the galaxy which is beyond the threshold suggested by Kaviraj et al. (2007) , and the direct evidence for AGN activity, are all consistent with AGN quenching in this system. To the best of our knowledge this is the first evidence for such quenching in an E+A galaxy.
To estimate the quenching mass outflow rate, we follow the analysis of . The outflow mass can be expressed as:
where f is the filling factor of the gas, ne is the electron density, V is the volume of the emitting region, mH is the mass of the hydrogen atom, and µ the mass per hydrogen atom, which we take to be 1.4. The main uncertainty in this expression is the product f ne, which is related to the emission line luminosities. For Hα:
where γ is the effective line emissivity which, for a recombination line in highly ionized gas, depends slightly on the electron temperature. For case B recombination and Te ∼ 10 4 K, γ = 3.56 × 10 −25 erg cm 3 s −1 (Osterbrock & Ferland 2006) . This is consistent with our photoionization calculations (section 4.3.2). Using equations 2 and 3, we get:
where M0 is constant.
To estimate the mass outflow rate we define tout = rout/vout, and take the velocity of the peak of the broad blueshifted emission relative to the peak of the narrow (130 km s −1 ) added to the width of the broad blueshifted emission, vout = v peak,broad + σ broad = 700 km s −1 . We choose this definition in order to be consistent with various outflow studies in ULIRGs. Since the broad component is not spatially resolved in our 2D spectrum, we take the upper limit on the radius of the emitting gas to be determined by the seeing, i.e. rout = 1.4 kpc. SinceṀout = Mout/tout, we get a lower limit on the mass outflow rate. The main uncertainty is the electron density. Using the broad [SII] line ratio (section 3.3.2) we find ne = 100 cm −3 . We use this estimate as the fiducial electron density of the emitting gas and the reddening corrected Hα luminosity listed in table 1. This gives Mout ≈ 4 × 10 8 (100/ne) M and, Mout ≈ 300 1 kpc rout 100 cm
We can now require an ionization parameter which results in the correct line ratio, U=10 −2.4 (see section 4.3.2). We therefore introduce an additional constraint, on the product nH r 2 which is the one found from the photoionization model, i.e. nH r 2 = 10 45.6 cm −1 . Substituting in the mass outflow rate equation and expressing r in units of kpc, we get:
Since r ranges between 1.4 kpc (spatial resolution limit) and about 50 pc (photoionization limit on the gas density, see previous discussion) we can constrain the mass outflow rate to be between about 4 and 120 M /yr. The kinetic power of the outflow is therefore 6 × 10 −4 L bol and 0.02 L vol respectively. The outflow properties found for our source are in the general range found by Fiore et al. (2017) for the entire population.
A second estimate of the mass outflow rate can be obtained by using the [OIII] λ5007Å emission line (Cano-Díaz et al. 2012 , see appendix A there), with similar assumptions about the gas properties. In this case:
where C = ne 2 / n 2 e is the condensation factor, which is related to the filling factor of the emitting gas. We estimate C=1, thus all ionized gas clouds have the same density. 10
[O/H] is the oxygen abundance, which we measure to be close to solar. Following the same arguments, we derive a mass outflow rate which is about 30% larger than the one derived from the broad Hα line.
ULIRGs, which are believed to be the result of gas-rich major mergers, show significant SFRs (> 100 M /yr) and significant mass outflow rates. studied a sample of 39 ULIRGs and argued that the high-velocity, ionized, emission-line gas is probably excited by shocks. They measured mass outflow rates that range between 0.6 M /yr and 80 M /yr. Our measured mass outflow rate is within this range, but the SFR is lower than what is typically measured in ULIRGs (e.g., Rupke, Veilleux & Sanders 2002 , Martin 2005 , Martin 2006 , and references therein).
Quenching timescales
The evidence found here for a massive outflow is consistent with the idea that post starburst galaxies are the descendants of ULIRGs, and that for a galaxy mass that exceeds 10 10 M , the quenching of star formation is dominated by AGN feedback ). In such a case, star formation is quenched by the AGN during the final ULIRG stages, and molecular gas and dust are expelled or destroyed by the AGN. Once the main starburst has ceased, and the dust reddening decreases, the merger remnant can morph into a post starburst galaxy. At this stage, there still exists enough gas to continuously fuel the BH accretion, and the AGN remains active until it exhausts its gas reservoirs. We therefore expect to find massive post starburst galaxies (> 10 10 M ) with mass outflow rates that are consistent with those observed in massive ULIRGs, but with reduced SFRs, since quenching is already taking place.
We also examine the timescales involved in removing the gas reservoir by star formation and by AGN-driven outflows. Our goal is to measure the gas mass in SDSS J132401.63+454620.6, and compare it to the gas mass typically observed in ULIRGs with similar properties. Using the measured constraint on the time since the starburst, we can evaluate the importance of AGN-driven outflows in removing gas from the ULIRG stage to the observed E+A stage.
We first model the SFH in SDSS J132401.63+454620.6 as SFR(t) = SFR(t b ) × exp (t−t b )/τ , where t b is the time of the burst, SFR(t b ) is the SFR at the peak of the burst, and τ is the decay time of the burst. The youngest star in our spectrum is 80 Myrs old, we therefore expect that the SFR will decay to less than 10% of its initial value by the time we observe it (otherwise O and B-type stars would have been detectable in the observed SED). We construct 500 models with varying t d and τ using the MILES single stellar population synthesis models and obtain the parameters of the best fit to the observed spectrum. We find t d =400 Myrs and τ =150 Myrs. The peak star formation is SFR(t b ) ∼ 100 M /yr, consistent with observed values in ULIRGs. Averaging over the last 100 Myrs, we get SFR ∼ 30 M /yr, consistent with the value derived for our source in the JHU-MPA catalog. The total stellar mass resulting from the burst is M * = 10 10.13 M , which is 42% of the total stellar mass in SDSS J132401.63+454620.6. This value is consistent with various estimates of stellar mass formed during bursts in post starburst galaxies (e.g., Kaviraj et al. 2007 ). We show in figure 5 the SFH of SDSS J132401.63+454620.6 according to this model (black curve).
Having the SFH, we can estimate the properties of the progenitor ULIRG of this system. Genzel et al. (2015) combine multiple observations of CO emission and Herschel far-IR dust measurements of over 500 star forming galaxies, and derive molecular gas masses using different methods. Their sample spans the redshift range 0-3, stellar masses of M * = 10 10−11.5 M , and the relative specific star formation rate (sSFR; see definition there) of log(sSFR/sSFR(ms, z, M * )) = −1.5 − 2. A typical ULIRG is within this range. In order to estimate the gas mass using these scaling relations, we need to assume SFR, stellar mass, and redshift. We take the SFR at the peak of the burst SFR(t b ) ∼ 100 M /yr, and redshift z = 0.15 so that the look-back time between the progenitor and SDSS J132401.63+454620.6 (z = 0.125) is 0.4 Gyr, which corresponds to the value of t d that we measure. The total stellar mass formed in the burst is M * = 10 10.13 M , while the observed stellar mass of SDSS J132401.63+454620.6 is M * = 10 10.5 M . Thus the stellar mass of the progenitor is M * = 10 10.25 M . Using table 4 in Genzel et al. (2015) , and assuming that the total gas mass is 1.4 times the molecular gas mass, we obtain Mgas ≈ 10 10.43 M . This value is consistent with gas mass observations in ULIRGs with similar properties (e.g., Solomon et al. 1997 ).
The gas mass in SDSS J132401.63+454620.6 can be estimated from the observed reddening. We use the dust reddening that affects the starlight, E(B − V ) = 0.3 mag, and assume that the dusty gas causing this reddening follows the stars. The typical size of this region is similar to the effective radius re = 2 kpc and, given the stellar distribution in a galaxy with a Sersic index of n=4.5, we expect a steep rise into the centre. We can test the consistency of this profile using the reddening towards the emission lines. The emission lines are not resolved in the 2D spectrum, with an upper limit radius of 1.4 kpc. The measured reddening towards the narrow and broad lines is E(B − V ) = 0.68 mag and E(B − V ) = 1.82 mag respectively (see section 3.3.2). If we use the Sersic profile to estimate the radii at which the average dust reddening is E(B − V ) = 0.68 mag and E(B − V ) = 1.82 mag, we find 1 and 0.45 kpc respectively. The assumed star formation history in SDSS J132401.63+454620.6 (black). Such history will remove roughly half of the gas mass in J132401.63+454620.6. The additional gas removal by AGN-driven outflows are either a constant mass outflow rate (grey) or mass outflow rate with shape that is similar to the SFH (green). Right: Our proposed model for J132401.63+454620.6. The gas (green) and stellar (grey) mass are shown as a function of time from the initial starburst at t=0 (ULIRG), through the current observed E+A phase at t=0.4 Gyr, to a red and dead elliptical at t∼0.6 Gyr. We adopt the exponentially decaying model for the mass outflow rate.
While we have no direct indication for such a smooth dust distribution, the numbers obtained here are consistent with the observations. For solar metallicity and ISM-type depletion nH = E(B − V) × 5.6 · 10 21 cm −2 . Assuming a spherical gas distribution with a radius of 1 kpc and a mean E(B − V ) = 1.2 mag (between the two numbers derived above), we get a total gas mass of Mgas ≈ 10 8.9 M . The uncertainty on this number is at least a factor of 3 and hence we adopt the value of Mgas = 10 9±0.5 M .
The simple SFH model we present here starts with a progenitor ULIRG with gas mass of M(ULIRG)gas = 10 10.43 M , and ends with a post starburst galaxy with gas mass of M(E + A)gas = 10 9.0 M . Therefore, one must remove a total gas mass of M(t = 0.4 Gyr)gas = 10 10.41 M in 0.4 Gyrs to evolve the assumed ULIRG into the observed post starburst galaxy, and then remove gas mass of M(E + A)gas = 10 9.0 M to evolve SDSS J132401.63+454620.6 to a red and dead galaxy. The total gas mass that is removed by star formation (M * = 10 10.13 M ) is roughly half of the mass that must be removed to evolve the ULIRG with the properties assumed here into the observed E+A galaxy. We therefore suggest that the observed AGN-driven outflow removes the remaining gas mass.
We consider two simplistic possibilities for the history of the outflow. We first assume that the AGN-driven outflow is constant throughout the starburst, and its value is the measured mass outflow rate from section 5.1.1. For example, assuming mass outflow rate of 40 M /yr (in the middle of the range obtained earlier) will remove the remaining gas mass in 350 Myrs, and the AGN becomes active 50 Myrs after the peak of the starburst. Under this assumption, an additional time of 30 Myrs is necessary to remove the observed gas reservoir in SDSS J132401.63+454620.6. At this stage, the youngest stars one would observe in the spectrum are of age ∼100 Myrs. We show the constant mass outflow rate in the left panel of figure 5 (grey).
A major concern of the above scenario is that the duration of the flow (350 Myr) is very long considering the expected lifetime of the AGN. We therefore tested a second, more realistic scenario that involves higher mass outflow rate in the past that decreases exponentially with time. There is a range of parameters in such functions and the only one we tried is shown in the left panel of figure 5 (green). In this case, the outflow starts 50 Myrs after the onset of the starburst. The initial mass outflow rate isṀout ∼ 100 M /yr and the timescale is 150 Myrs. The resulting shape is similar to the SFR function shown also in the same diagram. In this scenario, the wind removes the gas mass that is necessary to evolve the system to the present stage where the mass outflow rate isṀout = 10 M /yr, well inside the range obtained above. Assuming the AGN accretion rate is moreor-less constant during this time, we find that the BH mass increases by about a factor 2 during this part of the evolution. We show our proposed model in the right panel of figure  5 2 ., where the gas and stellar mass are shown as a function of time from the initial starburst at t=0 (ULIRG), through the current observed E+A phase at t=0.4 Gyr, to a red and dead elliptical at t∼0.6 Gyr. One may argue that even 150 Myr of continuous AGN activity is too long and the above mentioned time is broken into several shorter episodes. In this case, the mass outflow rate, as well as the SFR, must be scaled accordingly. We do not have enough information to distinguish between all these possibilities.
Finally, we note that the gas mass estimate used here, which is based on a simple spherical distribution of the dusty gas, and the reddening of the broad emission lines, is of the same order of magnitude of the mass of the outflowing ionized gas estimated earlier (few 10 8 M for a distance of about 0.5 kpc and a column density of 10 21.5 cm −2 , see section 4.3.2). The outflowing gas can have a large enough column of neutral gas on the back side of the ionized material, ≈ 10 22 cm −2 , to fully explain the observed broad line attenuation. In this case, the outflowing mass is similar to the value of 10 9 M obtained earlier, i.e., the outflow carries most of the gas in the galaxy.
Outflows in type II AGN and E+A galaxies
We find massive, AGN-driven outflow in the spectrum of SDSS J132401.63+454620.6, with a mass outflow rate that matches those observed in ULIRGs. While SDSS J132401.63+454620.6 is the first E+A galaxy in which such winds are observed and characterised, outflows are common and observed in many other sources. AGN feedback is invoked to explain the properties of local massive galaxies, intracluster gas, and intergalactic medium (e.g., Silk & Rees 1998; Churazov et al. 2005; Bower et al. 2006; Croton et al. 2006; Hopkins et al. 2006; Schawinski et al. 2007 Schawinski et al. , 2009 McCarthy et al. 2010; Gaspari et al. 2011) . It is also proposed as a mechanism to regulate the growth of stellar and BH masses (Silk & Rees 1998; Fabian 1999; Benson et al. 2003; King 2003; Granato et al. 2004; Di Matteo, Springel & Hernquist 2005; Springel, Di Matteo & Hernquist 2005a; Debuhr, Quataert & Ma 2012) . AGN-driven winds span a large range of galaxy properties. They are observed in ULIRGs (e.g., Rupke, Veilleux & Sanders 2005; Rupke & Veilleux 2013; Spoon et al. 2013; Veilleux et al. 2013; Rodríguez Zaurín et al. 2013; Sun et al. 2014; García-Burillo et al. 2015; Fiore et al. 2017) , in type I and type II AGN (e.g., Heckman et al. 1981; Feldman et al. 1982; Heckman, Miley & Green 1984; Greene & Ho 2005; Nesvadba et al. 2006; Moe et al. 2009; Rosario et al. 2010; Greene et al. 2011; Cano-Díaz et al. 2012; Arav et al. 2013; Mullaney et al. 2013; Fiore et al. 2017) , and even in quiescent red and dead ellipticals (Cheung et al. 2016) .
Since SDSS J132401.63+454620.6 is classified as a type II AGN, it is worth noting and comparing our results with studies of outflows in such AGN. Mullaney et al. (2013, hereafter MU13) analysed a sample of roughly 24 000 optically selected AGN from the SDSS and perform a decomposition of the [OIII] λλ4959,5007Å emission lines into narrow and broad components, where broad components were regarded as indication of outflow. They measure FWHMavg, which is the flux-weighted FWHM of the [OIII] λ5007Å line and find that 17% of the AGN show FWHMavg > 500 km s −1 and about 1% show FWHMavg > 1000 km s −1 . The fractions of the total flux coming from the narrow and broad components were measured by assuming the same dust reddening, though we clearly measure different reddening for the two components. In SDSS J132401.63+454620.6 we measure the FWHMavg of the [OIII] λ5007Å line using the fluxes of the narrow and broad components with no dust correction to be FWHMavg = 830 km s −1 . This value is higher than 98% of the AGN in their sample. Furthermore, MU13 find that type II AGN in their sample display a less prominent blue wing in the [OIII] λ5007Å compared to type I, thus 98% is a lower limit. Therefore, SDSS J132401.63+454620.6 is rather extreme compared to the general type II population. Harrison et al. (2014, hereafter HA14) weaker than what we measure for SDSS J132401.63+454620.6. They find gas velocities of 600-1500 km s −1 with observed spatial extents of 6-16 kpc. SDSS J132401.63+454620.6 shows comparable gas outflow velocity but, the spatial extent of this outflow is at most 1.4 kpc. Their wavelength coverage does not allow the characterisation of the stellar properties, specifically age, thus it is not clear how similar SDSS J132401.63+454620.6 is to the HA14 sample. Nevertheless, by examining the 1D SDSS spectra of the HA14 sample, we find that one galaxy (SDSS J121622.73+141753.0) exhibits an E+A spectrum, though less extreme. This objects shows clear signs of broad emission in other forbidden lines, such as [NII] , [OI] , and [SII] , which can allow a more certain mass outflow rate measurement.
While SDSS J132401.63+454620.6 has similar properties to some type II AGN, the study of AGN feedback in the context of galaxy quenching and evolution using post starburst E+A galaxies offers an advantage over other samples. Post starburst E+A galaxy spectra are dominated by stars with approximately a single age, and in many cases the stellar mass that was formed in the recent burst is a non negligible fraction of the entire stellar mass. This may allow the study of outflow evolution as a function of time, when time is measured through the age of the stars (Wild, Heckman & Charlot 2010) . Since these galaxies do not currently form stars, it is possible to disentangle feedback processes that are due to star formation from those due to AGN activity.
CONCLUSIONS
We present new observations of SDSS J132401.63+454620.6, a post starburst galaxy at redshift z = 0.125 which was discovered as an outlier by the anomaly detection algorithm of Baron & Poznanski (2017) due to its strong Balmer absorption lines and broad forbidden and permitted emission lines. The new Keck/ESI spectrum presented here allows us to measure the stellar and emitting gas properties in the object. Our results can be summarised as follows:
• We find a narrow stellar age distribution (massweighted average age is 0.25 Gyr with a standard deviation of 0.11 Gyr) and no evidence for ongoing star formation, confirming that SDSS J132401.63+454620.6 is a post starburst galaxy. A simple model fitting, which is by no means unique, suggests a starburst that started about 0.4 Gyr ago with an exponential decay time of 150 Myr. According to this model, 40% of the observed stellar mass was formed during the burst, with a peak SFR of about ∼ 100 M /yr, similar to SFRs observed in typical ULIRGs.
• Fitting of the observed line profiles require both narrow (FWHM ≈ 320 km s −1 ) and broad (FWHM ≈ 1300 km s −1 ) components. Those components are seen in many emission lines: Hα, Hβ, [OIII] , [NII] , [SII] , [OII] , and [OI] . The broad emission line ratios suggest a Seyfert-type emission and the narrow line ratios are LINER-like. In most of the lines we detect only one, blueshifted broad component. However, in both [OIII] and Hα we detect an additional broad redshifted component. We also find that the velocity dispersion observed in the broad component exceeds the escape velocity in the galaxy, which we interpret as an outflow. This is the first reported case of ionized gas outflows in an E+A galaxy.
• We compare the measured emission line ratios and luminosities to predictions of shocked-gas models and find large inconsistencies. We also find that the LINER component cannot arise due to photoionisation by post-AGB stars, thus all emission lines are due to an AGN radiation field. The LINER component is among the most luminous LINER observed.
• We find a BH mass of log M/M = 7.67, accreting at a few percent of the Eddington luminosity. These values agree with the properties observed in post starburst quasars by Cales et al. (2013, CA13) . The BH mass corresponds to the lowest values observed in CA13, the Eddington ratio corresponds to their highest values and the starburst age is lower than those in the CA13 sample. This may indicate that we observe a galaxy at an earlier transition stage than the galaxies in CA13. A simple photoionization model can account for the emission line properties of both the LINER and the higher-ionization, outflowing gas components.
• We use the Hα and the [OIII] broad emission lines, combined with constraints from the photoionization model, and find mass outflow rate ranging from 4 to 120 M /yr. These values are consistent with the mass outflow rates observed in typical ULIRGs, which tightens the evolutionary connection between ULIRGs and post starburst galaxies. We find that the star formation alone cannot remove the necessary gas mass to evolve our assumed ULIRG into the observed post starburst galaxy, and suggest that the observed AGN-driven wind is partially responsible for the quenching of star formation. We compare two simplified models of AGN-driven winds and show that these, together with the SFR, can consistently remove the gas mass and evolve the assumed ULIRG into the post starburst galaxy observed today, within the time estimated from the stellar ages. Such a wind can remove the remaining gas mass and exhaust the AGN gas reservoir, and evolve SDSS J132401.63+454620.6 into an elliptical, red and dead, galaxy within 30-200 Myrs. SDSS J132401.63+454620.6 is the first to show ionised gas outflows among E+A galaxies. Objects of this type show narrow age distribution, which allows one to study the time scales of the starburst, and examine the dust and molecular content as a function of stellar age. The significant AGNdriven feedback we found suggests that the time scale in which such galaxies show powerful winds is short, thus only a handful of similar objects are expected to be found, compared to the general E+A and ULIRG population. The relative fraction of such galaxies can provide constrains on the efficiency of AGN-driven outflows to migrate such galaxies to the red sequence. We are currently involved in a detailed analysis of similar objects and results will be reported in a forthcoming publication.
